Title V, Section 510 of the Social Security Act, passed in 1996 and implemented in 1998, appropriates funding to states for the purpose of educating minors on the benefits of abstinence before marriage. Despite considerable research on the impact of abstinence education on teen fertility outcomes, high quality population-level studies on state abstinence education using panel data are absent. This paper uses state-level data to analyze the impact of abstinence education on the birth rates for teens 15-17 years by evaluating the Title V, Section 510 State Abstinence Education (SAE) program. For an average state, increasing spending by $50,000 per year on SAE can help avoid approximately four births to teenagers, resulting in net savings of $15,652 to the public for each birth avoided.
Introduction
Although teen fertility rates are on the decline in the United States, the U.S. still has one of the highest rates of teen pregnancy, ranking first amongst the industrialized nations (Hoffman 2006) , affecting a number of institutions ranging from the health care system, child welfare, and public sector health care to the state and federal prisons systems. It is estimated that the average child born to a female under the age of 19 receives assistance from the public sector amounting to $1,430 every year. 1 The aim of this paper is to use state-level panel data from the U.S. to examine the impact on teen births in relation to a federal government-sponsored State Abstinence Education (SAE) program that promotes the importance and consequences of abstaining from premarital sex.
Several studies have used state-level data to estimate pregnancy, births or abortions as a function of a set of determinants such as abstinence, abortion laws or some forms of sex education. For instance, the results of Levine (2003) provide strong support for an impact of parental-consent abortion laws on teen pregnancy rates, but no impact on births. Kearney and Levine (2009) find a decline in births when cheaper family planning services are made available to higher-income women. However, Paton (2002) finds no evidence that greater access to family planning services helps in reducing underage births or abortions.
Many previous studies investigating the effects of various public policy interventions have relied on randomized-control trials (RCTs). 2 Randomized experiments have a superior advantage in terms of their internal validity, which other methods such as difference-indifferences do not readily provide. If successful random assignment to control and treatment groups are undertaken, RCTs can provide accurate and useful information on observable differences that are attributable to intervention and not to confounding influences. However, controlled experiments lack external validity. These experiments tend to focus on a specific population with particular characteristics in a controlled environment and for this reason, the results cannot be readily generalized to other settings. Furthermore, a challenge for controlled designs is the potential for the control group, especially in the case of teens, to change its behavior in rather unexpected ways (Kirby et al. 1994) The remainder of the paper is organized as follows: Section 2 presents background information on recent trends in teen birth rates in the U.S., institutional details on the Title V SAE program, analytical framework and a literature review of studies related to this research. In Section 3, I describe the data used in the analysis, while Section 4 describes the empirical strategy. The results of my findings are provided in Section 5, which is followed by sensitivity analyses in Section 6. Section 7 addresses some caveats to the research, as well as discusses some policy issues. Section 8 concludes.
Background

Teen Birth Rates in the United States
The U.S. has one of the highest teen birth rates in the developed world and there is reasonable consensus that the present rates are a source of concern from a social and economic standpoint. In 2005, there were approximately 415,000 teen births to women age 15-19, or roughly 41 out of every 1,000 females in this age range give birth. Teen birth rates in the U.S.
continue to witness a decline, albeit at a slower pace, for more than a decade. To put into perspective, since their peak in 1991, teen birth rates have declined by 34 percent with the impact being largest amongst 15-17 year olds (Martin et al. 2007 ). An increasing number of studies have concluded that abstinence and improved contraceptive practices are influential in causing much of the decline (Santelli et al. 2007 ).
There is substantial variation in teen birth rates across different strata: race, ethnicity and state of residence. In 2005, the birth rate among non-Hispanic Black teens was 60.9 per 1,000 which was more than twice the rate of 25.9 per 1,000 among non-Hispanic Whites. For
Hispanic teens, this rate was 81.7 per 1,000. Among states, birth rates to teens were lowest in New Hampshire with 17.9 births per 1,000 girls age 15-19 while the highest rate of 63.4 per 1,000 was recorded in the District of Columbia (Martin et al. 2007 ).
For more than a decade, federal and state policies on sex education have been skewed in favor of abstinence education which teaches the harmful physiological and psychological effects of premarital sex. While both forms of sex education -abstinence and contraception -are There are several reasons why this has been the case. Total funding under the AFLA has been small compared to SAE funding which has tended to be at least four times as large.
Further, less than half of the funding under the AFLA has been allocated for the prevention of teen pregnancy. The AFLA program is still ongoing. Under the CBAE arrangement, funding for abstinence education has been performed solely at the community level without any state approval. That is, grants awarded under the CBAE went directly to community-based organizations from the U.S. Department of Health and Human Services (HHS). In the case of the SAE program, all funding for abstinence education require state approval. Over time, both the AFLA and the CBAE have undergone legislative changes because of a perceived lack of focus or the restrictive nature of the programs. 3 
Title V State Abstinence Education (SAE) Program
Since 1998, in accordance with Section 510, Title V of the Social Security Act passed in 1996; the federal government is mandated to make funds available to all states for the specific purpose of teaching and educating children to refrain from premarital sex through a State
Abstinence Education (SAE) program. 4 The aim of the program is to educate and promote the idea that abstinence is the preferred way of preventing pre-marital teen pregnancy and births.
The motivation for Title V arose out of the concern for the high rates of teen pregnancy prior to the 1990s and the substantial social costs to the public sector.
In 1998, the law required that the federal government appropriates $250 million for states over five years ending in 2002. A criterion for receiving these funds includes a state contribution of three dollars for every four dollars of program-associated federal grants it receives. Thus, if
states are to use all of the annual federal appropriation of $50 million in any one year, then the total grants available for the SAE program are estimated to be $87.5 million. 5 In 2002, the $50 million per year federal Title V SAE program was extended for another five years until 2007.
Since then, the U.S. Congress has made a request for further appropriations.
The target groups are children within the age range of 12-17 years. The federal government provides funding in the form of grants to states; and there is "great diversity in how Section 510 abstinence funds are distributed" (Mathematica Policy Research 2009). In any given year, the annual $50 million appropriation is divided into 80-90 awards, each with a value between $250,000 and $650,000. In the majority of the cases, states implement the SAE grants through local organizations, which may include churches and other non-profit organizations. 6 All users of the federal government funds must be guided by the "A-H definition". 7 
Analytical Framework and Related Literature
Education has long been considered an important factor in determining fertility and the behaviors that affect fertility outcomes. Three main channels have emphasized the causal effect of education. In the first, education increases an individual"s permanent income through improved employment outcomes. As a result, the opportunity cost of raising children (in terms of potential foregone earnings) rises and so the optimal fertility choices result in fewer but higher quality children (Becker 1965; Becker et al. 1990 ). The second channel posits that higher educated females seek higher educated males (assortative behavior), causing permanent income to rise further with implications for fertility choices (Behrman and Rosenzweig 2002) . The third -allocative mechanism -suggests that education improves an individual"s knowledge, thus increasing the ability to efficiently process this information in making optimal fertility choices (Grossman 1972 ).
The effect of education on fertility choices may be analyzed in the spirit of Grossman"s (1972 Grossman"s ( , 2005 efficiency allocation framework, whereby higher educated individuals have access 6 Massachusetts is the only state that utilizes all of its funding in one block. 7 This is not the first for abstinence-only education. Such programs have been ongoing for a few decades as far back as 1981 during the Ronald Regan administration (see Economist article "Just Say No" at www.economist.com, accessed 12 February 2009). However, the programs today are unique in their stated requirements and goals. The "A-H" definitions require that each grant must:
A. Have as its exclusive purpose teaching the social, psychological, and health gains to be realized by abstaining from sexual activity, B. Teach abstinence from sexual activity outside marriage as the expected standard for all school-age children, C. Teach that abstinence from sexual activity is the only certain way to avoid out-of-wedlock pregnancy, sexually transmitted diseases, and other associated health problems, D. Teach that a mutually faithful, monogamous relationship in the context of marriage is the expected standard of sexual activity, E. Teach that sexual activity outside the context of marriage is likely to have harmful psychological and physical effects, F. Teach that bearing children out-of-wedlock is likely to have harmful consequences for the child, the child"s parents, and society, G. Teach young people how to reject sexual advances and how alcohol and drug use increases vulnerability to sexual advances, and H. Teach the importance of attaining self-sufficiency before engaging in sexual activity.
to more information to make the optimal fertility choices. Simultaneously, with this information, they also know the resultant harmful effects of choosing a sub-optimal path such as early childbearing. The problems of two-way causality and the possibility of third-variables influencing outcomes are also discussed in detail in Grossman (2005) . These issues, as they pertain to this work, are addressed later in the paper. These ideas can be summarized as
where Y measures some fertility outcome and C represents choices influencing fertility outcomes. For example, C may stand for whether a teenager decides to abstain or practice contraceptive use, both of which are choice variables affecting fertility. The vector X denotes all other factors that can affect the outcome.
As argued above, it is also true that schooling can influence the choices made as it relates to fertility. If schooling does not influence the exogenous factors in the vector X, choice outcomes may be analyzed as follows:
where S is a schooling variable which also includes sex education. Substituting Equation 2 into
Equation 1 yields
Y=h(S, X)
This is the reduced-form equation which is estimated in the paper.
Following the general lack of consensus in explaining the unprecedented rise in pregnancies in the 1970s and 80s (Akerlof et al. 1996; Willis 1999 ) and the subsequent decline in the 1990s, more attention has been paid to the impact of changes in teen fertility behavior as a result of increased sex education. Building on previous theories, economists such as Oettinger (1999) have incorporated rational choice models to explain how information affects individual behavior through a change in utility.
A number of policy approaches have been used to address the problems of early pregnancy and childbearing. There are three broad policy initiatives: those that increase access to contraceptives; those that alter the financial costs and incentives to childbearing; and those that highlight information through targeted interventions within schools and communities. 8 The 
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A second concern relates to the possible lack of statistical power of the evaluation tests given the small sizes (including control group), which range from 447 to 714 individuals. This paper uses a multi-year approach, but makes a different contribution relative to the Mathematica study, incorporating state-level panels in a difference-in-differences setting, controlling for observable and unobservable factors in further investigating the causal nature of the SAE program.
Data
The data consist of a panel of 49 U.S. states (including the District of Columbia) that receive funding for SAE as per Title V, Section 510 of the Social Security Act. 12 I exclude the state of California because it has never applied for any funding during these years. 13 The observations are annual and span the period 1991-2005.
14 12 All states, with the exception of California, have received SAE funding from the Federal government since the implementation of the program in 1998. However, in 1997 a few states had been engaged in teaching abstinence using funding received from a Title XX grant under the Ronald Reagan Administration, also known as Adolescent Family Life Act (AFLA) enacted in 1981. These "modest" abstinence programs were supported by a Federal reform initiative called the Personal Responsibility and Work Opportunity Act of 1996 (Maureen Duran, "Re: Effects of Funding," email message to author, May 2008). 13 Later, I include California in the analysis but the results remain largely unaffected.
14 The period 1991-2005 is chosen since, in difference-in-differences estimation, we are examining the effect of the treatment, SAE (which began in 1998) by comparing the treatment group (birth rates for 15-17 year olds) after treatment, both to the treatment group before treatment and to a control group (birth rates for 25-29 year olds). Therefore it is necessary to have information before the treatment has started. The choice of period coverage is also based on data availability and also for the fact that teen birth rates began to fall in the early 1990s. As I show later, using different sample periods (sub-samples) still produces results, which are consistent with the main findings.
Birth Rates and State Abstinence Education (SAE) Funding
The birth rates for females 15-17 and 25-29 
Other Controls
In the regressions, I include social, economic, demographic as well as medical and health policy variables to control for other factors that affect teen birth rates. State and year fixedeffects are also included in all model specifications. All data sources are listed in Appendix 1 Table 1 . Teen birth rates are likely to be affected by the rape rate. A number of studies, such as Donovan (1996) , consider the effects of statutory rape on adolescent pregnancy, where some findings reveal at least 50 percent of children born to minors have an adult male as the father.
The rape rate is calculated as the number of rapes per 100,000 of the population and is obtained from the Federal Bureau of Investigation (FBI) Uniform Crime Reports (UCRs). The robbery rate is also obtained from the FBI UCRs and it measures the number of robberies per 100,000
population. I control for another related variable, imprisonment rate, which measures the number of incarcerations per 100,000 population. These variables are proxies for difficult-toobserve state characteristics that may be correlated with teen births. The data source is the same as the previous two variables.
Economic conditions may affect adolescent birth rates. Therefore, I include the poverty rate, which is the percentage of the population below the poverty level. The data come from a variety of sources including the Census Bureau and the National Center for Education Statistics (NCES). I also control for the proportion of the state"s population that is Black and the proportion of the state"s population consisting of Hispanics. Both sets of variables come from the Population Division of the U.S. Census Bureau. High school graduation rate is also included, as some studies show a strong association between teen child bearing and high school completion (Hofferth et al. 2001 ). The variable high school graduation rate is constructed as the percentage of students graduating from high school. 17 I also control for the rate of urbanization of the state. 18 Finally, I consider two health policy variables, which are indicator variables to represent whether or not a particular type of abortion restriction has been in place in a state in a given year.
The first is Medicaid funding restriction, which prohibits the use of public resources to perform therapeutic abortions. This variable equals one for states where Medicaid pays for abortions and 17 Swanson (2004) provides an extensive account on how this variable is derived. 18 I thank Naci Mocan for providing the data.
zero otherwise. The second restriction is a parental consent/notification or informed law, which requires a minor to notify, obtain consent from a parent or be given professional advice from medical personnel before proceeding with an abortion. The variable takes the value of one if such a state has a parental consent/notification or informed law in place in that year, otherwise the variable assumes a zero value. The information in constructing these variables comes from various issues of the Guttmacher Report on Public Policy, other reports from the Guttmacher
Institute and from various publication issues of the National Abortion and Reproductive Rights Action League (NARAL). 
Empirical Strategy
The empirical strategy is to estimate the impact of Title V SAE on the fertility rates of 12-17 year-olds. The first procedure is to estimate a regression model in which the birth rate for teens 15-17 years old is explained by abstinence education through Title V SAE funding. 20 Equation 4 depicts this model:
where i is an index for state and t indexes years. The dependent variable is the birth rate for 15-17 year-olds, SAE it is the real per capita funding for SAE programs, which occur after the introduction of Title V. The vector X includes other variables (which I described earlier) that may be determinants of birth rates, such as demographic characteristics in the state, socioeconomic conditions in the state, as well as medical and health policy variables of the state. I also control for state fixed-effects (λ i ), year fixed-effects (γ t ) and state-specific linear trends (η it ).
The random error term is e it .
In the specification above, a significant relationship between SAE funding and birth rates of 15-17 year-olds could be due to correlation between SAE funding and birth rates in general, leading to a spurious relationship. Therefore, I use the specification in Equation 4 to obtain counterfactual estimates of the impact of SAE funding on birth rates of older women, specifically 18-19 and 25-29 year-olds. The estimates should provide some measure of any benefits of the SAE program to older women. Since SAE is explicitly geared towards schoolaged teens, then I do not anticipate any statistically significant results from this experiment.
As a second procedure, I employ a difference-in-differences method with the variables in first-differences exploiting the variation in the birth rates across states and time. 21 Differencein-differences estimation allows the comparison of teen birth rates before and after the introduction of Title V SAE between 15-17 year-olds and 25-29 year-olds. Specifically, I
estimate the effect of SAE funding on birth rates using first-differences depicted in Equation 5 :
where the dependent variable is the change in birth rates from one period to the next for age group a where a stands for females 15-17 years old (the treatment group) or those in the control group who are older. On the right-hand side of the equation, ∆SAE it is the change in real per capita funding for SAE programs, which occur after the introduction of Title V; Young it is a binary variable that equals one for birth rates for teens 15-17 years old and equals zero otherwise. 22 The coefficient on the interaction term, (Young it * ∆SAE it ) captures the association between differences in changes in birth rates specific to the treatment group (females 15-17 years old) relative to the control group in all states in the years after the SAE program was implemented (relative to the period prior to the Title V Section 510 law). 23 This is the difference-in-differences estimator of the effects of the change in SAE funding on changes in birth rates. The vector X is the same as the specification in Equation 4. Although state fixedeffects drop out by differencing, I include state dummies and keep the year dummies. The random error term is it e . The identifying assumption is that any relative shift in the birth rate for teens 15-17 years is due to the implementation of the Title V SAE program. 21 In addition, first-differencing eliminates different trends in age-specific birth rates that may exist.
In this analysis, a preferred control group might be females 25-29 years old. The reason for this selected group is non-trivial. Notwithstanding, consideration is given to the significant physiological differences between these two groups and so I use a younger control group of 18-19 year-olds in a restricted sample.
I investigate this in the section on sensitivity analysis. Figure 1 shows trends in birth rates for minors and older females 25-29 years for all states before and after the introduction of the SAE program. Birth rates for females 15-17 (25-29) years are declining (increasing) even before the Title V SAE program was implemented. This is important since time trends must be held constant to accurately estimate any effect of the program. These different age-specific trends in birth rates occur before the implementation of the Title V program and are not directly related to the SAE program. The presence of these trends poses potential identification problems; and to eliminate the different trends that may exist, I perform the analysis in first-differences.
Results
The Impact of State Abstinence Education on Births to Minors
Using the model in Equation 4 , I estimate the relationship between Title V SAE funding and birth rates for females 15-17 years old. The results are reported in Table 2 where the main coefficient of interest is that related to the SAE funding variable. There is indication that SAE through Title V funding is associated with a decline in birth rates for females 15-17 years.
Columns (1) and (2) of Table 2 present the results where the dependent variable is birth rates for 15-17 year-olds. Both specifications are similar except that column (2) includes a linear statespecific trend. In both specifications, the coefficient is negative and statistically significant.
These results may be due to correlation between funding and birth rates in general. If there is correlation between funding and birth rates for older women, then this can have implications in any effort to establish some possible causal relationship between abstinence education and birth rates for minors. I address this by performing a counterfactual analysis by running regressions similar to the specifications in the first two columns of Table 2 , except that the dependent variable is birth rates for females 18-19 years (columns 3 and 4) and birth rates for females 25-29 years (columns 5 and 6). In all four specifications, abstinence education through Title V funding has no significant impact on birth rates for older women.
The above results provide a basis from which further analysis can be undertaken to investigate the impact of the program on teen birth rates using difference-in-differences analysis. 24 Column (3) shows the difference in these two differences. The implied impact of Title V, Section 510 SAE program on birth rates for younger females is a decline of 12.9 births per 1,000
Difference-in-Differences
age-specific females. In columns (4)-(6), I show the same results in first-differences terms, which suggest that the implied effect of changes in the SAE funding on changes in birth rates for 15-17 year-olds compared to older females is 2.1. With no control variables, these are the results from a difference-in-differences model in its simplest form. As explained earlier (see Figure 1 ), there were trending patterns in birth rates before the introduction of any Title V SAE program.
This highlights the need to control for the differential trends across state and time in an econometric model. Table 4 reports the difference-in-differences estimates from a regression model of the form of Equation 5 , where the dependent variable is the change in birth rate. All variables are in first-differences. Taking first-differences allows for the elimination of linear trends. This is potentially important as the treatment and control group, with each containing births to women of different ages, may have differential trends over time. 25 In all specifications of the model, I
cluster standard errors at the state level. 26 Although not reported, all results include the full set of controls, state fixed-effects and year fixed-effects. In column (1), the real SAE funding variable is deflated by the total population to obtain the per capita term. The Title V SAE program leads to a decrease in the birth rates for 15-17 year-olds; and this effect is statistically significant. Given the potential for birth rates to be influenced by non-linear effects, I expand the specification in column 1 to include a complete set of interactions: state*year, state*age and age*year effects. The results are shown in column 2. In this specification, the coefficient on the interaction term ∆SAE Funding*Young, increases in magnitude and remains negative and significant.
In columns 3 and 4 of 25 There is also a statistical advantage to using the first-differenced model. If the errors in the first-differences model are serially uncorrelated, then it can be "shown that the first-difference estimator is most efficient…" (Wooldridge 2002, p. 281). I test for serial correlation in the first-differences model by regressing the residual errors (obtained from a regression of Equation 5) on the lagged values. If there is a statistically significant coefficient on the lagged residual term this will indicate the presence of serial correlation. The coefficient of the lagged residual was -0.026 with a p-value of 0.337 and t-statistic of -0.96, suggesting there is no evidence of serial correlation. 26 Angrist and Pischke (2008) also suggest that "reliable inference using a standard cluster adjustment" is achieved if the number of clusters is reasonably large (not less than 42). The authors further explain that "as far as serial correlation goes, most of the evidence suggests that when you are lucky enough to do research on US states…you are on reasonably safe ground..." (pp. 175-176). The idea is that if there are too few clusters, serial correlation will tend to be underestimated. This analysis contains 49 clusters.
Although there is no overly strong reason to prefer one population sub-group over the others, in conducting subsequent analyses, I shall use the specification with total population as the denominator since this specification represents a relatively more conservative estimate of the impact of the program.
To put into context, consider the result in column 1 of this result with another study on abstinence education). 27 The results are also similar across the specifications.
Impact of the State Abstinence Education program on Race-Specific Birth Rates
Given the results of Bronars et al. (1994) and Abrevaya (2001) that link race with fertility, it may be informative to investigate the impact of the program on the birth rates for Blacks, Whites as well as Hispanics. Table 5 shows the difference-in-differences analyses for Blacks (columns 1-3), Hispanics (columns 4-6) and Whites (columns 7-9). The results in columns 1-3
show no significant effects of SAE funding on birth rates for black teens 15-17 years, although the sign remains negative. In the case of Hispanics, the coefficient of interest is positive but is not significant in any of the specifications. In comparison, the results in columns 7-9 indicate that for Whites, there are significant effects of the Title V SAE program on birth rates for teens of the same age group.
There might be underlying reasons related to this differential impact such as income, 
Including lags of the State Abstinence Education Funding variable
In Panel 2 of Appendix 1 Table 2 , I allow the SAE program to influence birth rates in a year after funding is received. This is done for a couple of reasons: First, SAE may have a lagged impact on birth rates; and second, in the event that a pregnancy occurs right after the SAE, an approximate 9-month gestation period is required before birth rates can be affected. In this specification, if there is a delayed effect on childbearing caused by SAE, then the coefficient on the lagged interaction term should be negative and statistically significant. The table shows results of three specifications using the same control group (females 25-29 years) as before:
column (1) analyzes the full sample looking at the impact of the program on birth rates for all females regardless of race and ethnicity while columns 2 to 4 consider the effect on birth rates for Blacks, Hispanics and Whites, respectively. In all cases, the real SAE funding variable is deflated by total population to obtain the per capita term. In this particular specification, I add one lag plus a contemporaneous term. In large part, the results are consistent with those reported earlier. The impact is statistically significant for total births and those for Whites. Meanwhile, only the contemporaneous term is significant for Blacks. In the case of Hispanics, the program has been associated with a significant increase in birth rates. It must be noted however, that
Hispanics include all persons of Hispanic origin of any race.
Lagged Dependent Variable
I also estimate models with the inclusion of a lagged dependent variable. 
Sample Size Modification
In this robustness check performed in Appendix 1 Table 3 , I repeat the analysis using the preferred specification as presented in column (1) of Table 4 , but this time using different sample periods. Specifically, I exclude the first two years (1996 and 1997) immediately preceding 1998 29 I instrument for the lagged dependent variable using 2SLS with the following variables as external instruments: current, lagged and forward values of the birth rates in levels. The null hypothesis that the system is exactly identified is rejected (over-identification test). Also, the null hypothesis that there is no endogeneity cannot not be rejected at the conventional levels of significance (endogeneity test). 30 This is obtained using the Koyck Transformation which considers an infinite distributed lag model of the form: Y t = β 0 + β 1 X t + λβ 1 X t-1 + λ 2 β 1 X t-2 + … + ε t where Y is some dependent variable, X is the independent variable of interest and the residuals decay at a geometric rate such that β k = β 1 λ k-1 for k=1,2,… and 0< λ<1. Multiplying the distributed lagged model by λ, lagging one period and subtracting this from the original lagged distributed model gives Y t = β 0 (1-λ)+ β 1 X t + λY t-1 + ν t , where ν t = ε t -λε t-1 . With a model in first-differences, this can be written as ∆Y t = β 1 ∆X t + λ∆Y t-1 + u t , where u t =∆ ν t . In general, these models assume ε t~I ID(0,σ 2 ) from u t =ρu t-1 + e t and that |λ|, | ρ|<1. While the Koyck transformation generally suffers from serial correlation, my model in first-differences does not encounter this problem. 31 Using the specification from Appendix 1 Table 2 , Panel 3 (column1), the differential long-run impact (i.e. ) of the change in the SAE funding on the change in birth rates of minors can be calculated using the following results: λ= -0.011 and β 1 = -4.315. Therefore, , where β 1 , which is the same as β 3 in the model, is the coefficient on the interaction term ∆SAE*Young. Note, the long-run impact is the same as the shortrun or instantaneous effect as shown in column 1 of Table 4. when the SAE program funding began (Panel 1). I also exclude the year 2002, which seems to be an anomaly in birth rate data trends during the period 1991-2005. 32 In another sensitivity analysis, I included California in the sample (Panel 2) while in another I excluded those states with the highest and lowest per capita SAE funding (Panel 3). Finally, I narrow the sample size sufficiently small enough to exploit the impact of the program during those periods around which the most significant changes in SAE funding occurred (Panel 4). That is, the major jump in SAE funding took place in 1998 in all states. Therefore, this sensitivity analysis estimates the model using data around the narrow window from 1995 to 2000.
As can be seen in the results of Appendix 1 Table 3 have been subjected to SAE in 1998. Hence, they will not really be a control group after 1999. 32 In 2002, birth rates show a remarkable dip in comparison to previous years; and this episode is more striking for some state-specific age groups relative to others. I conjecture that this phenomenon may be related to some major event occurring in a previous period (for example: the recession of 2001 and/or the impact of 9/11 terrorist activities).
In columns 5-8, I use an older control group, namely birth rates for females 30-34 years over the period [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . While the SAE program should not affect the birth rates for this older control group, it is useful to check for any possible spurious impact. 33 Beginning with the younger control group of 18-19 year-olds in columns 1-4, the SAE funding has resulted in a decline in birth rates for 15-17 year olds in both the full sample and the specification for white females only. As in most of the previous analysis, the impact of the program on the birth rates for Black or Hispanic females is not statistically significant. The results I obtain using this younger control group are consistent with the findings obtained earlier in the base analysis using the control group of 25-29 year-olds. One criterion that is used in selecting a comparison group is for both treatment and control groups to be similar. Indeed, the control group of 18-19 year-olds is very similar to minors. In columns 5-8 where the control group is 30-34 year-olds, I obtain relatively weaker results of the impact of SAE funding on birth rates. The results are shown in columns 1-4 of Appendix 1 Table 5 . Indeed, the impact of the SAE funding on the birth rates for minors consistently produces a negative coefficient estimate, which is statistically significant for two of the three specifications. To utilize the full sample period, another set of multiple controls is required; and so I replace females 18-19 years with those 30-34 years to form another multiple control group of females 25-34 years old. Columns 5-8 of Appendix 1 Table 5 provide the results, which are very similar to those of columns 1-4. The sign of the coefficient is as expected, as is the significance of the estimate. In this case, the SAE 33 I also consider females 20-24 years old as a control group. These results are not reported. 34 According to Meyer (1995, p. 157), "the more comparison groups the better."
Multiple Control Groups
program has a significant impact on the birth rates for minors across both races included in the specification. address this possibility by a) dropping the top five states in terms of birth rates; b) removing the first five states with the lowest birth rates; and c) combining both (a) and (b). 35 Second, I also weighted the regressions by relevant populations such as total population, population of teenagers and so on. The results from these two approaches were comparable and qualitatively similar to the main findings. Using different comparison groups did not affect the results as before. These results are not shown, but are available upon request.
Other Robustness Checks
Discussion
Caveats
The findings above suggest a causal effect of joint federal government and state-based abstinence-centered education on teen birth rates. That is, the SAE program appears to have resulted in some gains in reducing underage births to mothers.
However, a number of issues remain. The first relates to the choice of using births rather than pregnancies, especially since a preponderance of the research focuses on the latter.
Although pregnancies are important to analyze, reliable annual state and age-specific measures are not readily available for an extended period of time. Furthermore, fertility is an important outcome to analyze because of its implications for long-term well-being of young mothers and their offsprings.
A second criticism is that more-refined estimates can be obtained if the analysis is done at a less aggregated geographical level such as counties and cities. While age-specific birth rates can be disaggregated to lower levels of analysis, county or city-level SAE funding data are not readily available. Any attempt to estimate the effect of state-level SAE data on county-level fertility rates will result in one of the more serious forms of measurement error leading to biased coefficient estimates. 36 Third, the model might be missing important variables such as measures of family planning (expenditure or clinics) and abortion notification laws. With respect to the latter, it can be expected or assumed that states that accept SAE grants are also more likely to introduce abortion notification legislation. Thus, the SAE variable might be picking up some of the notification effect. While this may be the case, initial evidence suggests that the "new parental consent or notification laws probably had at most a very small effect" (Henshaw 1997, p. 121). I include a notification law dummy variable, as well as an indicator of whether or not states provide Medicaid assistance for abortion. The effects of the coefficients appear rather small. Also, it is not clear that acceptance of SAE grants is highly correlated with abortion notification since, as was mentioned earlier, all states excluding California have taken part in the Title V SAE funding program from its inception. With respect to not accounting for family planning expenditures, measures of family planning tend to be associated with funding for "comprehensive" sex education (CRE). Despite the absence of a proxy CRE variable, this effect is likely to be adequately controlled for by the presence of state fixed-effects and year fixedeffects. 37 There might be other factors influencing the impact of the SAE program. For example, variation in SAE funding across states is due in part to child poverty. This is important because it raises the possibility that child poverty, which influences the level of SAE funding, may also be driving fertility patterns in these states and thus making SAE funding endogenous. However, in this study, cross-state variation is not a confounding factor since I am really comparing the effect of the SAE program within each state and not across states. Although child poverty is in some way associated with SAE funding it must be pointed out that SAE funding is not based solely on poverty within each state, but on the ratio of poor children in a state relative to the total number of low-income children in all states. Based on this formula the ratio for each state is more likely to move very gradually overtime.
38,39
Estimated Cost-Benefit Analysis
What is the potential impact of abstinence education spending on births avoided? One way to evaluate the effectiveness of the SAE program is to compare the spending costs for each avoided birth with the associated savings that will arise as a result. According to Hoffman (2006), average public sector spending on a child born to a female 17 years and younger was $4,080 per annum (note this figure is higher than the annual cost of $1,430 for all teenagers mentioned earlier). Given that the average length of time in which a teenage mother receives 37 The tendency is for every state to access similar and constant funding levels for CRE. Thus, there is likely to be less variation in CREs across states. 38 In fact, in the U.S. the poverty rate for children under the age of 18 had moved from 21.8 percent in 1991 to only 17.6 percent in 2005. This represents a decline in child poverty rates over the period. However, variations in the amount of SAE funding accessed by states were related to administrative changes in the operation of the SAE program and not due to any state demographics. See Children"s Defense Fund website http://www.childrensdefense.org/child-research-data-publications/data/state-data-repository/census/census-2007-child-poverty-data.pdf. Accessed 21 January 2010. 39 In spite of this, endogeneity of SAE funding cannot be completely discounted. To provide strong support to the identification strategy using difference-in-differences models, I undertake a number of robustness checks in the section on "Sensitivity Analysis". I also consider the use of instrumental variables to identify the effect of abstinence funding using the citizen and government ideology scores by Berry et al. (1998) as instruments. These variables are not expected to be correlated with birth outcomes but correlated with SAE funding. The results (not shown) of the instrumental variable strategy were not significant as the first stage results were rather weak. public assistance is 6.9 years (Hoffman 2006) , this implies that the estimated public savings for each avoided birth is $4,080 x 6.9 = $28,152 (or $112,608 for every four births avoided).
I can then use the results provided from this paper to provide a rough estimate of the annual cost associated with each birth avoided due to abstinence education. Recall, the analysis showed that on average a state can avoid four births by increasing abstinence education spending by $50,000. Comparing these two estimates, it implies a state that spends $50,000 on abstinence education will avoid four births and as a result save approximately $112,608. This is a net savings of $112,608 -$50,000 = $62,808 for every four avoided births or $15,652 for each birth avoided.
Conclusion
In an era of heightened awareness of the high teen birth rates in the U.S., an intense debate has centered on the effectiveness of various policy approaches to reducing early childbearing. One view among researchers is that policies promoting abstinence and improved contraceptive practices can be influential in curtailing teen births.
I present evidence supporting the influence of a federal government-sponsored state abstinence education (SAE) program. Specifically, I estimate the impact of SAE funding from the federal government Title V, Section 510 appropriations on the birth rates for teens [15] [16] [17] years in the U.S. over the period 1991-2005. The results suggest that Title V SAE has led to a decline in birth rates for the targeted group of female minors. Using difference-in-differences methodology, I find for an average state, increasing spending by $50,000 per year on SAE can help avoid approximately four births to teenagers, resulting in net savings of $15,652 to the public for each birth avoided. Given that each teenage birth is associated with an annual social cost of $1,430, this particular education program seems to be cost-effective at the current margin.
The overall findings appear to be robust to a wide range of specifications.
I further find that the SAE program has a consistently significant impact among Whites 40 For the purposes of this study, the paper can benefit from two important extensions. First, is an analysis that includes data on abortions for a more informed discussion on the impact on pregnancies. A number of studies such as Levine (2000 Levine ( , 2003 have investigated this issue. Second, with the relevant data available, an investigation that looks at the specific counties and cities that have received appropriations of Title V SAE funding will provide greater insight and precision in determining the impact of the program. 
